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Abstract 
This study aims to identify challenges and opportunities for implementation of sustainability-oriented decision support in product 
development. A literature review and interviews with field experts were performed. Most methods/tools designed to support 
sustainability considerations in product development have a low level of implementation. A lack of the full scope of sustainability 
and poor practical applicability might be reasons. Implementation could be improved by amending these deficiencies. Another 
opportunity is to integrate sustainability aspects in methods/tools that are often already implemented in companies. A low-hanging 
fruit can be to focus on the area of risk management together with defining sustainability criteria.   
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1.Introduction 
Product development can play an important role for the 
transformation of society towards sustainability [1]. However, 
in spite of increasing awareness and knowledge about 
sustainability in general, the implementation of sustainability 
considerations in product development is still weak in most 
companies. An important means for implementation is to use 
decision support [2] and there is a wide range of sustainability-
oriented methods/tools for decision support in product 
development [3,4,5]. Many of those have significant 
deficiencies. Improvements regarding, e.g., usability in early 
phases, coverage of the whole product life-cycle, and inclusion 
of both quantitative and qualitative aspects have been called for 
[3,4,5]. Furthermore, such methods/tools should support also 
longer-term strategic decisions and not only assessments of the 
current state [6]. Product developers involved in our research 
have suggested that it could be beneficial to integrate 
sustainability aspects (more comprehensively) in already 
implemented decision support. This is in line with earlier 
research [7].  
The aim of this study is to find and analyze some main 
scientific publications on sustainability-oriented decision 
support for product development, and to capture practical 
experiences from users of such support, with the purpose of 
identifying implementation challenges and opportunities.  The 
opportunities will likely include some ‘low-hanging fruits’ 
regarding implementation of sustainability considerations in 
product development. Special attention is given to 
methods/tools within environmental management, risk 
management, and lean management, as these are often, to some 
extent, already implemented in many companies.  
2.Methods 
2.1.Literature review 
A systematic literature review [8] and an adapted version of 
a procedure suggested by Biolchini et al. [9] is applied:  
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i) Question formulation: Identification of the problem to be 
solved and formulation of question(s) to be answered. De-
composition of question(s) to different keywords and their 
synonyms. 
ii) Sources selection: Definition of characteristics for sources 
to be selected. Creation of appropriate search strings, which can 
be run in the selected sources. Decision about scope of each 
search string, e.g., topic or abstract. 
iii) Studies selection: Definition of inclusion and exclusion 
criteria, e.g., language and time-span. Search results are sorted 
by chosen criteria and analyzed in a chosen order. 
iv) Information extraction: Extraction and organization of the 
chosen information from selected studies.  
v) Results summarization: Analysis and summarization of 
information from selected studies. 
The questions to be answered were formulated as: “What are 
the main scientific publications regarding i) integration of 
sustainability aspects in decision support and ii) 
implementation of such support in product development? What 
are the implementation challenges and opportunities reported 
in these publications, or that can be synthesized from the 
collection of these publications? Selected search strings, main 
keywords and ‘synonyms’ are specified in Table 1.  
Table 1. Keywords and synonyms used in different search strings for the 
literature review. 
Search 
string 
no 
Main keyword Synonyms 
1-5 sustainability ecology, sustainability criteria, 
sustainable, sustainable 
development 
1-5 product development product innovation, engineering 
design 
1 decision support decision-making 
2 environmental 
management system 
ISO14001, EMAS 
3 lean lean management, lean process, 
TPS 
4-5 risk management risk, risk assessment 
1, 5 integration - 
1, 5 implementation - 
 
 
The following databases were used: ISI Web of Science 
(Reference Database), Scopus (Reference Database) and 
Emerald (Article Database). The search was limited to papers 
where the selected keywords appeared in the topic or abstract. 
All search strings had one part in common: the words 
’sustainability’ and ’product development’ and their synonyms. 
The initial search string was designed to incorporate a wide 
range of studies in the areas of sustainability, product 
development and decision support. 
Literature published between January 2005 and December 
2015 was included. Conference and journal articles written in 
English were included. Each search result was sorted by a 
criterion of relevance, and selection was performed by: first 
reading the abstract and keywords, and, if that was not 
sufficient for exclusion, reading the introduction and 
conclusion, and, if that was not sufficient for exclusion, reading 
the full paper. Articles recommended by senior experts within 
the field have also been included.  
The information was organized in a worksheet. A first 
extraction included: year, author(s), title, description, 
keywords, research objectives and conclusions. The most 
relevant papers where then analyzed regarding: 
challenges/opportunities, type of research, and dimensions of 
sustainability.  
2.2.Interviews 
An explorative interview method was used [10]. The 
interviews were focused on methods/tools within 
environmental-, risk-, and lean management.  
To ensure a common language before the actual interviews, 
a framework for strategic sustainable development, including, 
e.g., an operational principled definition of sustainability was 
presented and discussed [11]. The sustainability definition 
reads: 
In a sustainable society: nature is not subject to 
systematically increasing… 
1. …concentrations of substances extracted from the Earth´s 
crust. 
2. …concentrations of substances produced by society. 
3. …degradation by physical means. 
and people are not subject to structural obstacles to… 
4. …health. 
5. …influence. 
6. …competence. 
7. …impartiality. 
8. …meaning-making.  
Open interview questions [12] were given to people in three 
manufacturing companies and one management consultant 
company in Sweden. The manufacturing companies were all 
business-to-business companies, two larger companies and one 
medium-sized company. All three had worked with one or 
several of the areas of special interest. The management 
consultant company is specialized in lean and could contribute 
with experiences from different types of companies using it. In 
total, nine persons were interviewed. All interviewees have the 
experience of being a user of the respective decision support 
they were interviewed about. In Table 2, the roles/positions of 
each interviewee are summarized.  
Table 2. Positions/roles of the selected experts that have practical experiences 
from industrial application 
Roles/position with  
practical experience of 
Environmental 
Management 
Roles/position with  
practical experience of 
Risk Management 
Roles/position with  
practical experience of 
Lean Management 
Sustainability 
Responsible 
Risk management 
Responsible 
Process Engineer 
within Research 
&Technology 
Environmental 
Engineer 
Product risk 
management 
Responsible 
Managing Director, 
Senior Consultant 
Global Quality 
Manager 
Global Leader 
Environment & 
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Sustainability 
Responsible 
Product 
Environmental 
Specialist 
  
 
The following questions were asked: 
• Q1. Does the support include aspects of product 
development, and if so, explain how? 
• Q2. Does the support include aspects of socio-ecological 
sustainability, and if so, explain how? 
• Q3. Do you see any challenges and opportunities to 
(further) integrate sustainability aspects into the support 
and to (further) implement sustainability considerations in 
product development through this support? 
The questions were sent to interviewees in advance and the 
collected answers were verified by the interviewees afterwards.  
3.Results 
3.1.Literature review 
The findings were divided into two categories: 1) 
methods/tools with an explicit and original purpose to support 
sustainability considerations in product development and 2) 
other methods/tools that are already implemented in the general 
operations of many companies and have a potential to support 
sustainability considerations in product development. 
 
Category 1 
Product Sustainability Index [13] covers the ecological and 
economic dimensions of sustainability and aims to be useful 
also for people that are not experts in sustainability. It has been 
implemented in product development in one automobile 
company. Life Cycle Assessment [14] covers the ecological 
dimension of sustainability. Key Technologies for Sustainable 
Design [15] is an attempt to provide a process model for 
sustainable product development. The model includes design 
criteria from the ecological, social and economic dimensions of 
sustainability.  
Method for Sustainable Product Development [16], 
Templates for Sustainable Product Development [17], 
Strategic Life Cycle Assessment [18], Checklist for Sustainable 
Development [19] and Sustainability Criteria [20] are 
methods/tools that integrate the ecological and social 
dimensions of sustainability with a strategic perspective 
(economic dimension). They apply backcasting from basic 
principles for sustainability [11] and a life-cycle perspective. 
The level of implementation of the above methods/tools is low 
and their generic applicability has not yet been verified. 
 
Category 2 
A multi-criteria decision model proposed by Ernawati et al. 
[21] aims to be useful for evaluating design criteria, including 
sustainability-related criteria. It aims to be useful also for 
evaluators that are not experts in all the criteria being assessed. 
It covers the ecological dimension of sustainability. Attempts 
have been made to integrate the ecological dimension of 
sustainability into the methods/tools Preference Set-based 
Design [22] and Robust Design Methodology in Quality 
Management [23]. Inoue et al. [22] recommend more research 
about product-related sustainability indicators and point out the 
challenge to quantify the social dimension of sustainability. 
The integration attempt by Gremyr et al. [23] is purely 
theoretical and needs further elaboration and verification.  
In a review of the environmental management system 
(EMS) ISO14001:2015, Lewandowska and Matuszak-
Flejszman [24] point out a wider scope of an organization’s 
environmental impact, covering the entire supply chain, as a 
key change of this EMS compared to the previous version. This 
improves the possibilities to integrate and implement it in 
product development. However, the social dimension of 
sustainability is weakly integrated. ISO 26000 [25] could be 
used as a supplement to cover the social dimension, preferably 
combined with a full strategic sustainable development 
perspective [26,27].     
Product-Oriented Environmental Management System 
(POEMS) [28] or Product-Based Environmental Management 
System (PBEMS) [29] are existing attempts at product-oriented 
EMS. Their main focus is on the ecological dimension of 
sustainability. Ammenberg and Sundin [28] show that an 
integration between a standardized EMS and an eco-design 
method/tool, has the potential to be mutually beneficial. For 
example, eco-design methods/tools may contribute to EMS 
with a life-cycle perspective and could help to identify 
important environmental aspects, and EMS could make eco-
design efforts more systematic and consistent. A PBEMS has 
the same intentions as a POEMS and it has been implemented 
(third-party certification) in a telecom company.   
Short et al. [30] claim that the low level of implementation 
of sustainability considerations in product development is due 
to a lack of knowledge and understanding of how to deal with 
the risk aspect of such implementation. Herva et al. [31] and 
Garcia-Dieguez et al. [32] have a focus on risk assessment. 
Certain methods/tools for risk assessment are combined with 
methods/tools for, e.g., Life Cycle Assessment and Ecological 
Footprint and are applied in product development. These 
studies present quantitative results. However, they mainly 
cover the ecological dimension of sustainability and suggest 
further research to identify a broader array of sustainability 
indicators and to test the generic applicability of the combined 
methods/tools.  
SUStainable Operations (SUSOP®) is a project risk- and 
opportunity framework for the integration of sustainability 
aspects into the design and operation of industrial processes 
[33,34]. It is designed to work across the full project and 
production life cycle and the latter publication refers to three 
different case studies. Product development aspects are only 
implicitly considered in the framework. SUSOP® covers the 
ecological, social and economic dimensions of sustainability, 
but not on a detailed level. 
Only few studies relate Lean Product Development (LPD) 
to sustainability considerations in product development. 
Johansson and Sundin [35] compare LPD with Green Product 
Development (GPD) and conclude that “…they are not two 
sides of the same coin, but they belong to the same currency.” 
Even GPD only covers the ecological dimension of 
sustainability and for both LPD and GPD, there is a lack of 
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implementation case studies. Sorli et al. [36] suggest a 
framework that aims to balance Lean and sustainability in 
product development.  It comprises methods/tools for Lean 
Product and Process Development and covers the ecological, 
social and economic dimensions of sustainability. It aims to 
support lean thinking through the entire product life cycle. 
However, it is so far purely theoretical and needs further 
elaboration and verification. 
3.2.Interviews 
The interviews were focused on methods/tools within the 
below areas because of their high level of implementation in 
companies.  
 
Environmental management 
 
All interviewees refer to the European standard ISO14001 
regarding EMS. The purpose of the standard is to support 
organizations to consider environmental aspects in balance 
with socio-economic needs [37].   
The standard has not primarily been used to support 
sustainable product development in any of the companies. One 
manufacturing company has identified some environmental 
aspects related to product development, e.g., fuel efficiency 
and material selection, but those are not managed and decided 
upon within the scope of the EMS. For all the manufacturing 
companies, most of the identified aspects are found in activities 
related to the manufacturing processes or the company sites.  
The standard has recently been updated. Interviewees refer 
to different parts of the new standard where they see improved 
integration possibilities with product development. For 
example, in paragraph 6.1 the new standard says [37] 
“…determine the risks and opportunities, related to its [the 
organizations] environmental aspects…” One of the 
manufacturing companies interprets the new standard to have a 
stronger focus on product risk management, considering the 
whole life cycle. In paragraph 6.1.2 the new standard says [37]: 
“... the organization shall determine the environmental aspects 
and associated environmental impacts of its activities, products 
and services that it can control and those that it can influence, 
and their associated environmental impacts, considering a life 
cycle perspective. When determining environmental aspects, 
the organization shall take into account: a) change, including 
planned or new developments and new or modified activities, 
products and services…” (underlines added here). However, 
the recent release, together with the three-year transition period 
from old certificate, imply many uncertainties in how to 
interpret the different parts of the standard according to the 
interviewees. They are therefore planning further discussions 
about interpretations with the standardization body.  
 
Risk management 
 
Risk can be defined as “effect of uncertainty on objectives” 
and it include both positive and negative consequences [38]. 
Interviewees describe risk management as a systematic process 
to predict and handle risks. The risk management process 
includes planning, identification, evaluation, response 
planning, and risk control. Some socio-ecological aspects are 
included in the companies risk management, e.g., risk 
assessments to prevent personal injuries in the working place 
and to prevent accidents with emissions to the environment. 
The companies need to manage those kinds of risk according 
to Swedish law, e.g., the Environmental Code and Working 
Environment Ordinance. 
According to the interviewees, product risk management 
means to handle product requirements, e.g., technical-, 
produce-ability- and functional requirements, in relation to the 
plan/process for fulfilling those requirements. Requirements 
need to be objectively verified and have some kind of 
measurable system boundary. When all product requirements 
are identified, there is a process of concept selection. Available 
concepts for selection are those that are within the system 
boundary of each requirement. A risk management process can 
be used to evaluate and compare the available concepts.  
There are today produce-ability requirements that include 
sub-criteria for health and safety, such as criteria for the 
working environment in product manufacturing processes. 
There are also technical requirements for, e.g., weight and fuel-
efficiency that implicitly have implications regarding 
ecological sustainability. This means that sustainability aspects 
are partly included in product requirements and risk 
assessment, but the full scope of sustainability is lacking. When 
considering a risk, system boundaries for sustainability need to 
be identified according to the interviewees.  
All interviewees see an apparent connection between a risk 
perspective and sustainability aspects in product development. 
Sustainability requirements could be considered in the same 
way as other requirements. There is an interest among all three 
manufacturing companies to integrate sustainability aspects in 
their product risk management process. An example of a 
comment is: 
“There is a wish from the Corporate Group to identify 
sustainability risks. ’Risk’ is an accepted concept and it gives 
more attention than talking about sustainability aspects in 
general.” 
(Interviewee at one of the manufacturing companies) 
Lean management 
 
Lean can be explained as an attitude to identify and 
eliminate waste in a process. Waste is everything that does not 
bring any kind of customer value. A common version of lean 
among manufacturing companies in general, and in this study, 
is Lean Manufacturing (LM). This is mainly focused on the 
manufacturing process. In LM, some health aspects (e.g. 
follow-up on accidents/injuries) and some waste aspects (e.g. 
regarding energy/water/chemicals) are included. Thus, social 
and ecological aspects are included to some degree, but the full 
scope of sustainability is lacking.  
The process of Lean Production (LP) is equivalent to the 
process of product innovation [39]. Lean Product Development 
(LPD) could be seen as a subset of LP, covering the process of 
product development (early part of the product innovation 
process). LM can be seen as another subset, covering the 
process of production (later part of the product innovation 
process). So, the concept of LP considers aspects of product 
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development, but the most implemented sub-set, LM, does not. 
According to the lean expert at the consultant company LPD is 
not implemented at many large companies in Sweden. It´s 
slightly more common in small and medium-sized enterprises 
(SMEs). An example of LPD implementation at a SME, had 
the purpose to effectively support a particularly fast process of 
product development.  
Sustainability aspects are not considered explicitly in LPD, 
but can be an implicit part of a technical or functional 
requirement, e.g., material characteristics.  
When a LPD project is initiated the start-up phase requires 
relevant competence and communication among project 
members.  At this early stage, a lot of time and focus is spent 
to define the final product. Therefore, what is listed as product 
requirements are of importance when integrating sustainability. 
The structure of activities in the project process can be broken 
down into three parts: 1. Expected result (What?) 2. More 
detailed outcome (Detailed what?) 3. Activities (How and 
who?). The first part includes to identify restrictions and 
requirements for the final product. Requirements related to 
sustainability could be considered here together with other 
requirements according to the interviewees. 
4.Discussion 
The literature review revealed that there are several decision 
support methods/tools with an explicit and original purpose to 
support sustainability considerations in product development. 
However, the level of implementation in product development 
of these methods/tools is low and their generic applicability has 
not yet been verified. Furthermore, many of these 
methods/tools lack one or more dimensions of sustainability. In 
summary, the methodological support for considering 
sustainability aspects in product development is still immature 
and poorly implemented compared to the methodological 
support for considering other aspects, such as product 
performance and manufacturability. The immaturity is 
particularly pronounced regarding the social dimension of 
sustainability. Further development and verification are 
therefore needed.   
The literature review and the interviews showed that there 
is an improved potential for integrating and implementing the 
updated version of ISO14001 [37] in product development. 
ISO 26000 [25] is proposed here as a supplement to cover the 
social dimension. The new ISO 14001 and ISO 26000, and the 
possibility to combine them with a framework for strategic 
sustainable development [11,26,27], imply a possibility to raise 
the level of implementation of sustainability considerations in 
product development. This reasoning is based on the fact that 
many companies have already implemented ISO 14001 and 
ISO 26000 in their general operations. Coming from the ISO 
body adds credibility to these methods/tools. However, the 
integration of a strategic sustainability perspective and the 
implementation of these methods/tools in product development 
remain to be done in practice. 
The literature review and the interviews showed that the 
above reasoning applies also regarding the area of risk 
management. Various methods/tools for risk management are 
already implemented in many companies and even in the early 
product development phases. Several interviewees expressed 
an interest to integrate sustainability aspects into their product 
risk management. Product requirements could include 
sustainability aspects in the same way as they include, e.g., 
technical aspects. However, there is a challenge to define and 
verify system boundaries for sustainability. The framework for 
strategic sustainable development has proven to aid system 
boundary setting [11]. Including sustainability aspects in risk 
management relates also to work on identifying sustainability 
criteria for product development [20], and there is a potential 
to further improve this approach as well as relate stakeholder 
interests to these criteria.   
In general, lean is given much attention and priority in many 
companies. At the same time, there are several interpretations 
of the concept: “Individual actors translate the core ideas of 
the Lean Production (LP) concept so that they become more in 
line with their own frames of reference…” formulated by 
Pettersen [40]. This complicates a systematic integration of 
sustainability aspects. Lean Product Development (LPD) is 
rarely integrated or implemented in companies today. 
However, if companies integrate LPD in their lean 
management, there is a good potential to consider sustainability 
aspects in product development. The above reasoning applies 
also here. It is particularly beneficial from a sustainability 
perspective that LPD has its main focus on the early phases of 
product development.  
5.Conclusion and future work  
The study identifies challenges and opportunities for the 
implementation of sustainability-oriented decision support in 
product development. The general conclusion is that: (1) 
methods/tools with an explicit and original purpose to support 
sustainability considerations in product development often 
have a low level of implementation for this purpose, and (2) 
methods/tools that are fairly well implemented in the general 
operations of companies often have a low level of 
implementation in product development, with the exception of 
methods/tools within risk management. Aspects of ecological 
sustainability are included in the methods/tools in category 1 
and often to some degree in the methods/tools in category 2. In 
both categories there is a need to improve the inclusion of the 
social dimension and the economic (strategic) dimension of 
sustainability. The adaption to use in practice is also poor for 
most methods/tools in category 1.  
 Based on this research, two recommendations are given: (i) 
to select the methods/tools in category 1 that have the most 
complete and science-based integration of the full scope of 
sustainability, investigate why the implementation of these 
methods/tools is low (perhaps related to practical applicability) 
and try to amend the weaknesses, and (ii) further investigate 
the possibilities to integrate the full scope of sustainability into 
the methods/tools in category 2 and the possibilities for 
implementing them in product development. The most low-
hanging fruit is probably to focus on the well-established area 
of risk management together with continues development of 
defining sustainability criteria to be used in product 
requirements setting. In further studies a more extensive and 
detailed investigation will be conducted to explore more 
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implementation possibilities of sustainability considerations in 
product development.  
 
Acknowledgements 
Financial support from the Knowledge Foundation in 
Sweden is gratefully acknowledged. Sincere thanks to the 
industrial research partners.  
References 
[1] Gaziulusoy A, Boyle C, McDowall R. System innovation for sustainability: 
a systemic double-flow scenario method for companies. Journal of Cleaner 
Production. 2013;45:104-116. 
[2] Hallstedt S, Ny H, Robèrt K, Broman G. An approach to assessing 
sustainability integration in strategic decision systems for product 
development. Journal of Cleaner Production. 2010;18(8):703-712. 
[3] Bovea M, Pérez-Belis V. A taxonomy of ecodesign tools for integrating 
environmental requirements into the product design process. Journal of 
Cleaner Production. 2012;20(1):61-71. 
[4] Chiu M, Chu C. Review of sustainable product design from life cycle 
perspectives. International Journal of Precision Engineering and 
Manufacturing. 2012; 13(7): 1259-1272. 
[5] Buchert T, Kaluza A, Halstenberg F, Lindow K, Hayka H, Stark R. 
Enabling Product Development Engineers to Select and Combine Methods 
for Sustainable Design. Procedia CIRP. 2014;15:413-418. 
[6] Hallstedt S, Thompson A, Lindahl P. Key elements for implementing a 
strategic sustainability perspective in the product innovation process. 
Journal of Cleaner Production. 2013;51:277-288. 
[7] Knight P, Jenkins J. Adopting and applying eco-design techniques: a 
practitioners perspective. Journal of Cleaner Production. 2009;17(5):549-
558. 
[8] Thomas D, Hodges I. Designing and managing your research project. Los 
Angeles: SAGE; 2010. 
[9] Biolchini J, Mian P, Natali A, Travassos G. Systematic review in software 
engineering. System Engineering and Computer Science Department 
COPPE/UFRJ, Technical Report ES 679(05); 2005. 
[10] Karlsson C. Researching operations management. New York: Routledge; 
2010. 
[11] Broman G, Robèrt K H. A Framework for Strategic Sustainable 
Development. Journal of Cleaner Production. 2015;. 
[12] Ejvegård R. Vetenskaplig metod. Lund: Studentlitteratur; 1993. 
[13] Schmidt W. Life Cycle Tools within Ford of Europe's Product 
Sustainability Index. Case Study Ford S-MAX & Ford Galaxy (8 pp). Int J 
Life Cycle Assessment. 2006;11(5):315-322. 
[14] Chang D, Lee C, Chen C. Review of life cycle assessment towards 
sustainable product development. Journal of Cleaner Production. 
2014;83:48-60. 
[15] Guozhang C, Panfeng L, Longfei W, Xing Y. Key Technologies for 
Sustainable Design Based on Patent Knowledge mining. Procedia CIRP. 
2016;39:97-102 
[16] Byggeth S, Broman G, Robèrt K H. A method for sustainable product 
development based on a modular system of guiding questions. Journal of 
Cleaner Production. 2007;15(1):1-11. 
[17] Ny H, Hallstedt S, Robèrt K, Broman G. Introducing Templates for 
Sustainable Product Development. Journal of Industrial Ecology. 
2008;12(4):600-623. 
[18] Ny H, MacDonald J, Broman G, Yamamoto R, Robért K. Sustainability 
Constraints as System Boundaries: An Approach to Making Life-Cycle 
Management Strategic. Journal of Industrial Ecology. 2006;10(1-2):61-77. 
[19] Schöggl J, Baumgartner R, Hofer D. A checklist for sustainable product 
development: improving sustainability performance in early phases of 
product design. In: Proceedings of TMCE. 2014. 
[20] Hallstedt S. Sustainability criteria and sustainability compliance index for 
decision support in product development. Journal of Cleaner Production. 
2015. 
[21] Ernawati D, Pujawan I, Batan I, Anityasari M. Evaluating alternatives of 
product design: a multi criteria group decision making approach. 
International Journal of Services and Operations Management. 
2015;20(3):271. 
[22] Inoue M, Lindow K, Stark R, Tanaka K, Nahm Y, Ishikawa H. Decision-
making support for sustainable product creation. Advanced Engineering 
Informatics. 2012;26(4):782-792. 
[23] Gremyr I, Siva V, Raharjo H, Goh T. Adapting the Robust Design 
Methodology to support sustainable product development. Journal of 
Cleaner Production. 2014;79:231-238. 
[24] Lewandowska A, Matuszak-Flejszman A. Eco-design as a normative 
element of Environmental Management Systems—the context of the 
revised ISO 14001:2015. Int J Life Cycle Assess. 2014;19(11):1794-1798. 
[25] ISO, ISO26000. Guidance on social responsibility. The International 
Organization for Standardization; 2010. 
[26] Missimer M, Robèrt K H, Broman G. A Systems Perspective on ISO 
26000. Proceedings of the 2nd International Symposium: Systems thinking 
for a sustainable economy. Advancements in Economic and Managerial 
Theory and Practice. Rome, Italy: January 23-24, 2014. 
[27] Missimer, M. Social Sustainability within the Framework for Strategic 
Sustainable Development. Blekinge Institute of Technology, Karlskrona, 
Sweden.  Doctoral Dissertation. 2015:09. 
[28] Ammenberg J, Sundin E. Products in environmental management systems: 
drivers, barriers and experiences. Journal of Cleaner Production. 
2005;13(4):405-415. 
[29] Donnelly K, Beckett-Furnell Z, Traeger S, Okrasinski T, Holman S. Eco-
design implemented through a product-based environmental management 
system. Journal of Cleaner Production. 2006;14(15-16):1357-1367. 
[30] Short T, Lee-Mortimer A, Luttropp C, Johansson G. Manufacturing, 
sustainability, ecodesign and risk: lessons learned from a study of Swedish 
and English companies. Journal of Cleaner Production. 2012;37:342-352. 
[31] Herva M, Franco-Uría A, Carrasco E, Roca E. Application of fuzzy logic 
for the integration of environmental criteria in ecodesign. Expert Systems 
with Applications. 2012;39(4):4427-4431. 
[32] García-Diéguez C, Herva M, Roca E. A decision support system based on 
fuzzy reasoning and AHP–FPP for the ecodesign of products: Application 
to footwear as case study. Applied Soft Computing. 2015;26:224-234. 
[33] Corder G, McLellan B, Bangerter P, van Beers D, Green S. Engineering-
in sustainability through the application of SUSOP®. Chemical 
Engineering Research and Design. 2012;90(1):98-109. 
[34] Corder G. Insights from case studies into sustainable design approaches in 
the minerals industry. Minerals Engineering. 2015;76:47-57. 
[35] Johansson G, Sundin E. Lean and green product development: two sides 
of the same coin?. Journal of Cleaner Production. 2014;85:104-121. 
[36] Sorli M, Sopelana A, Salgado M, Peláez G, Ares E. Balance between Lean 
and Sustainability in Product Development. KEM. 2012;502:37-42. 
[37] ISO, ISO14001. Environmental management systems-Requirements with 
guidance for use. International Standards Organisation; 2015. 
[38] ISO, ISO31000. Risk management–Principles and guidelines. 
International Organization for Standardization, Geneva, Switzerland; 2009. 
[39] Roozenburg N, Eekels J. Product design: fundamentals and methods. 
Chichester: Wiley; 1995. 
[40] Pettersen, J. Translating lean production. From Managerial Discourse to 
Organizational Practice; 2009. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
